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Reliable, Compact Systems with Complete Flexibility in Customization and Design
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Founded in 1970, Burt Process Equipment is a worldwide leader in design, manufacturing and 
distribution of fluid handling equipment, systems and services. BPE products and services 
provide proven solutions for a multitude industries. Burt Process Equipment is a one-stop, 
dependable source specializing in prompt delivery from the most comprehensive inventory 
of fluid handling equipment. Our services include complete engineered system design, turnkey 
system fabrication, field service and on-site technical and sales support. 

100 Overlook Drive Hamden CT 06514
Tel: (203) 287-1985
Fax: (203) 288-7354
Email: customerservice@burtprocess.com
www.burtprocess.com

www.burtprocess.com2

ChemPlus Chemical Metering Systems
The Burt Process ChemPlus has revolutionized the concept of chemical dosing systems by 
providing a fully engineered, pre-packaged, corrosion resistant system that provides complete 
flexibility in customization. ChemPlus gives engineers and systems designers the ultimate in 
flexibility with the latest advances and widest range of proven technologies. Burt Process draws 
on over 45 years of experience in specifying and manufacturing chemical processing equipment 
to provide a feed system design that meets the most rigorous chemical metering demands. 

Applications
Municipal Water: Disinfection, Sodium 
Hypochlorite, pH Adjustment, Fluoride, 
Coagulation & Flocculation

Municipal Wastewater: Fume Scrubbers, pH 
Adjust, Odor Control, Residual Disinfectant 
Management

Food & Beverage: Clean-In-Place, Clean-off-
Line, Sterilizer Water Treatment

Institutional: Cooling Tower Waste Treatment, 
Boiler Water Treatment, Closed Loop Systems

Other Applications: in Swimming Pools & 
Water Parks, Mining & Agriculture, Utilities 
& Dairy Industry, Pulp & Paper, Oil & Gas

ChemPlus Simplex System

ChemPlus Duplex System

ChemPLUS pre-engineered systems offer a wide 
range of component options, pump selection and piping 
arrangements needed to customize chemical metering 
system solutions.

• Wide range of pump technologies include:
   – Solenoid or Motor Driven Diaphragm Pumps
   – Gear, Peristaltic, Progressing Cavity & more
 
• Rugged Acid, Caustic & Solvent Resistant Construction

• Complete System Fabrication, Assembly & Test

• Skid & Containment Basin constructed of 1/2” HDPE, 
   Wall or Floor mountable 
 
• Simplex, Duplex, Triplex or Custom Designs

• Piping materials in PP, PVC, CPVC, PVDF, or SS

• Standard & Custom Control Options Available

ChemPlus Triplex System

Chemical Feed Systems
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System Features & Options

Standard System 
Configurations

Simplex w/selectable components

Duplex arrangements include:
	 • Redundant suction & discharge
	 • Redundant discharge only
	 • Lead/Backup, single pipe system
	
Triplex arrangements include:
	 • Redundant suction & discharge
	 • Redundant discharge only

Documented Factory 
Testing

      120-Minute Hydrostatic Pressure Test

      Pressure Relief Valve Preset & Tested

      Back Pressure Valve Preset & Tested

      Pulsation Dampener Charged & Tested

      Completed Pre-Shipment Check List 

       Documented Inspection Report

System Features & Options

Manual Ball Valves
True union design available vented 
or with lockout handles

ChemPlus Nameplate
(Customized for OEMs)

Visual Flow Indication
Excellent diagnostic tool, Rhythmic rising & falling 
of ball indicates positive flow, Flow Indicator upgradable 
to flow verification sensors

Pipe Labeling 
Provided with chemical 
name & flow direction

Pulsation Dampener
Removes 99% pulsation, sizes include 4, 
10, 36 & 85 cubic inch

Pressure Gauge w/Guard
2.5” or 4.5” from 0-160 PSI 

Single Piece 1/2” HDPE Corrosion Resistant Skid
Wall or Floor mountable w/containment basin 
& drain w/valve

Calibration Column
Sized for either 30 or 60 second draw down 
& available in Clear PVC,  PP or Glass

Pressure Relief Valve
Two or three port flow through design available 
& field adjustable options of 0-75 or 15-150 psi

Back Pressure (anti-syphon) Valve 
Two port flow through design & field adjustable 
from 15-150 psi

Piping
Schedule 80 PVC, CPVC or 
Fusion-Welded PVDF

Selectable Pump Options
Pump options include Solenoid,  
Mechanical or Hydraulic Diaphragm, 
Gear, Peristaltic or Progressing Cavity
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Custom ChemPlus Systems

Control Panels
Burt Process Equipment provides complete industrial control panel design and UL 508A 
fabrication services as part of our product offering. Burt Process control panels provide 
the highest quality in workmanship coupled with optimum control in standard and 
custom enclosures. Interface modules available for Modbus, GENIbus, BACnet, Profibus, 
PROFINET, GSM/GPRS (wireless communication). All panels are UL 508A listed.                                                                                          

Control Panel Options
• UL Type 4X FRP or stainless steel enclosures for corrosive environments 
• Microprocessor based controllers 
• Explosion proof rated panels for hazardous environments 
• PLC (Programmable Logic Controller) and HMI (Human Machine Interface) 
• PC Interface and data acquisition systems

System Options
• Flow or Pressure Verification Sensors
• Conduit Box for Power & Control Signals
• Splash Guard Covers
• ChemPlus Nameplate – may be customized
• HDPE or FRP Outdoor Shelters
• Elevated Support Legs or Stand
• Custom Controls & Instrumentation

           Custom Systems 
Choose from a variety of standard ChemPlus Systems, or the Burt Process team 
of highly qualified design engineers can develop a system to meet your specific 
application needs.  

All systems are assembled at our facility on fabricated skids with electrical 
connections and controls as required. 

Duplex Unit w/ Splash Guard

Burt Process also manufactures these reliable, pre-engineered systems

PolymerPlus RainEx pHPlus TransferPlusSimplex Unit 



Sales Locations

 Corporate 
Headquarters

100 Overlook Drive
Hamden, CT 06514
T: (203) 287-1985
F: (203) 288-7354

New England
T: (978) 649-9660
F: (978) 649-7430

New York
T: (518) 477-5005
F: (518) 477-5008

Mid-Atlantic
T: (717) 792-6950
F: (717) 792-6953

California
T: (877) 742-2878
F: (877) 742-2231

Connecticut
T: (203) 287-1985
F: (203) 288-7354

www.chemfeedonline.com

www.polymer feed.com

Burt Process is a proud Distributor of:
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9710 Bunsen Parkway | Louisville, KY 40299 
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Known Values: 
Design Average Flow: 0.312 MGD 
Design Peak Flow: 0.932 MGD 
Average Historic Effluent Flow (2016): 0.181 MGD 
Pipe Diameter: 15-inch PVC 
Approx. Length from Dechlorination Induction Station and Existing Manhole: 2,000 LF 
Slope: 0.002 ft/ft (from Record Drawings) 
n: 0.009 
 
Full Pipe Flow Calculations: 
𝐴𝐴 = 𝜋𝜋(0.625)2 = 1.227 𝑓𝑓𝑓𝑓2 
𝑊𝑊𝑊𝑊 = 2𝜋𝜋(0.625) = 3.927 𝑓𝑓𝑓𝑓 

𝑅𝑅 =
𝐴𝐴
𝑊𝑊𝑊𝑊

=
1.227
3.927

= 0.3125 𝑓𝑓𝑓𝑓 

𝑄𝑄𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = �
1.49
𝑛𝑛
� (𝐴𝐴) �𝑅𝑅2 3� � �√𝑆𝑆� = �

1.49
0.009

� (1.227) �0.31252 3� � �√0.002� = 4.18 𝑓𝑓𝑓𝑓
3
𝑠𝑠𝑠𝑠𝑠𝑠� ≈ 2.7 𝑀𝑀𝑀𝑀𝑀𝑀 

 

𝑉𝑉𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = �
4.18

𝜋𝜋(0.6252)
� = 3.41 𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠�  

Average Influent Design Flow Contact Time: 
 
𝑄𝑄

𝑄𝑄𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
= 0.12 →  𝑉𝑉

𝑉𝑉𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
≈ 0.66 → 𝑉𝑉 = 2.25 𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠�  (Using circular channel ratios graph) 

𝑡𝑡𝑑𝑑 =
2000
2.25

= 888.89 𝑠𝑠𝑠𝑠𝑠𝑠 = 14.8 𝑚𝑚𝑚𝑚𝑚𝑚. 
 
Peak Influent Design Flow Contact Time: 
 
𝑄𝑄

𝑄𝑄𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
= 0.35 →  𝑉𝑉

𝑉𝑉𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
≈ 0.92 → 𝑉𝑉 = 3.14 𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠�  (Using circular channel ratios graph) 

𝑡𝑡𝑑𝑑 =
2000
3.14

= 636.94 𝑠𝑠𝑠𝑠𝑠𝑠 = 10.6 𝑚𝑚𝑚𝑚𝑚𝑚. 
 
Average Historic Effluent Flow Contact Time: 
 
𝑄𝑄

𝑄𝑄𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
= 0.07 →  𝑉𝑉

𝑉𝑉𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
≈ 0.58 → 𝑉𝑉 = 1.98 𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠�  (Using circular channel ratios graph) 

𝑡𝑡𝑑𝑑 =
2000
1.98

= 1011.22 𝑠𝑠𝑠𝑠𝑠𝑠 = 16.9 𝑚𝑚𝑚𝑚𝑚𝑚. 
 
 

SUBMITTAL CALCULATIONS 
Project: Brandenburg Facilities Plan 
Owner: City of Brandenburg 
GRW Project No.: 4556 
Date: April 24, 2017 Cal. By: NWG 
Desc.: Contact Time for PAA Pilot 
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Existing Rates and Charges 
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Crosscutter Correspondence 

U.S. Fish and Wildlife Service 

KY Department of Fish and Wildlife 

Kentucky Heritage Council 

U.S. Natural Resources Conservation Service 

U.S. Army Corps of Engineers 
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EXHIBIT 2-6
Planning Area Phasing

WASTEWATER FACILITIES PLAN
CITY OF BRANDENBURG, KENTUCKY

0 4,0002,000 Feet
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Exhibit 5-1
Existing Collection System and

Treatment Plant
WASTEWATER FACILITIES PLAN

CITY OF BRANDENBURG, KENTUCKY

0 3,0001,500 Feet

Legend

_̂ Brandenburg WWTP

Planning Area Boundary
Brandenburg City Limits
Roads

Pump Station
!( City of Brandenburg
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Grinder Pump
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") Industrial
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") Residential

! Manhole
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Gravity Sewer
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2-inch
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8-inch
10-inch

Pump Station Legend
!(1 #2 BETTER MOBILE LIVING

!(2 #3 BETTER MOBILE LIVING

!(3 2 PUMP STATION 1692

!(4 B-DURY ELEM SCHOOL

!(5 BANK STATION

!(6 BRANDENBURG BYP

!(7 BYPASS PUMPING STATION

!(8 DONNA DRIVE

!(9 FAIR GROUNDS ROAD

!(10 HIGH SCHOOL

!(11 HIGH STREET

!(21 HIGHWAY 933

!(31 HWY 710

!(41 KFC/TACO BELL/LONG JOHN SILVERS

!(51 LISA DRIVE

!(61 LUSK LN

!(71 MICHAEL LN

!(81 MIDDLE SCHOOL

!(91 NORTH MAIN LIFT STATION

!(02 RIVER BLUFF BEACH RD

!(12 RIVERPORT A

!(22 RIVERPORT B

!(32 SCHOOL SIDE DR

!(24 WORLEY LN
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EXHIBIT 1-4
Proposed Collection System Improvements

by Planning Phase
WASTEWATER FACILITIES PLAN

CITY OF BRANDENBURG, KENTUCKY

0 4,0002,000 Feet

Legend
3-10 Year Planning Phase
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Proposed Gravity Line

%, Proposed Lift Station
11-20 Year Planning Phase

Proposed Force Main
Proposed Gravity Line
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_̂ Brandenburg WWTP
1990 Planning Area Boundary
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 1 

I. OVERVIEW 
 
A Lemna Environmental Technologies, Inc. Biological Treatment Process (BTP) can include various unit 

processes to achieve project-specific treatment goals.  Lagoon unit processes include Complete Mix 

(CM), followed by Settling Cell.  The Lemna Polishing Reactor (LPR) is a post-lagoon reactor designed for 

polishing lagoon effluent.  The performance of each unit process is modeled using calculations formulated 

from published references and supported by field experience.   The purpose of this document is to 

provide a summary of the theoretical basis for each calculation. 

II. ORGANICS REMOVAL 

A. Complete Mix – Mechanistic Approach 
 

The removal of organics in the CM cell is calculated using a “mechanistic” model that relates the growth of 

heterotrophic bacteria to the removal of carbonaceous biochemical oxygen demand (CBOD5).  The 

equations for determination of effluent concentration of CBOD5 for a complete mix cell are provided below 

(Rich, 1999): 

 

 
  1kμDT

DTk1K
S

dm

ds
e




  

Where:  

Se = Effluent CBOD5, mg/L 

kd = Bacterial Decay Rate, d
-1

 

DT = Detention Time, d
 

Ks = Half-Saturation Constant = 120 mg/L (default value), 

μm = Maximum Heterotrophic Specific Growth Rate, d
-1

               
 

 

 Maximum heterotrophic growth rate is adjusted for temperature using the following equations: 

20T

m20m 1.026μμ   (for T between 10
o
C and 30

o
C) 

20T

m20m 1.058μ0.774μ   (for T between 2
o
C and 10

o
C) 

 

 Where:  

µm20 = 6.0 d
-1

 (Grady and Daigger, 1999) 

T = Wastewater Temperature, 
o
C 
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The following equations are used to calculate bacterial decay rate: 

0.415

d20 DT0.48k   

20T

d20d 1.05kk   

 

For summer, complete mix cell 1A, T=20 C 

 
-12020

m d 6.01.0266.0μ  
 

 
-10.415

d20 d 0.303.00.48k  
 
 

 
-12020

d d 0.301.050.30k    

 

BOD summer effluent from the complete mix cell, 1A  

              
 
 

mg/L 14
10.306.003

030.301120
Se 






.

.
 

 

For winter, complete mix cell 1A, T=8.2 C 

 
-1208.2

m d 4.21.0586.00.774μ  
 

 
-10.415

d20 d 0.303.00.48k  
 
 

 
-1208.2

d d 0.171.050.30k  
  

 

 

BOD winter effluent from the complete mix cell, 1A  

              
 
 

mg/L 16
10.174.203

030.171120
Se 






.

.
 

 

 

III.  AMMONIA REMOVAL 

A. Complete Mix - Nitrification 
 

The removal of ammonia in the CM cell in the summer that can be attributed to nitrifying bacteria is 

calculated using an equation that relates the removal of ammonia to the bacterial growth rate.  The 

equations are provided below (Rich, 1999): 
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   1pH7.20.831
OK

O
μDT

K
N

2O

2
m

N

2




















  

 

Where:  

N = Effluent Ammonia, mg/L 

μm = Maximum Nitrifier Specific Growth Rate, d
-1 

O2 = Dissolved Oxygen, mg/L 

pH = Hydrogen Ion Concentration 

KN = Half-Saturation Constant for Ammonium Nitrogen, mg/L 

KO2 = Half-Saturation Constant for Dissolved Oxygen = 1.2 mg/L 

DT = Detention Time, d 

 

KN and µm are adjusted for temperature using the following equation: 

10
0.9440.0413T

mμ


  

and 
 

10
1.1580.051T

NK


  

 
Where: 

T = Wastewater Temperature, 
o
C 

 

For summer complete mix cell 1A, T=20 
o
C  

 

             
10.944200.0413

m d 0.767μ 10


  

 

             
11.158200.051

N d 0.728K 10


  

 
NH3 summer effluent from the complete mix cell 1 A 

 

              

  
mg/L 1.7

17.27.20.831
21.2

2
0.7673.0

0.728
N 














  
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B. Complete Mix – Heterotrophic Uptake 
 

Removal of ammonia in CM cell in winter is partially accounted for by the uptake of nitrogen by 

heterotrophic bacteria to meet stoichiometric demands for cell synthesis.  The ammonia used for 

synthesis of heterotrophic organisms is calculated using following equation (Grady and Daigger, 1999): 

 

0.087Y CBOD  N 5R   

Where: 

NR = Heterotrophic Nitrogen Requirements, mg/L 

∆CBOD5 = CBOD5 Removed, mg/L 

Y = Bacterial Yield, mg biomass-COD/mg CBOD 

0.087 = Nitrogen Content of Biomass, mg-N/mg-biomass-COD 

 

mg/L 16.70.0870.5 385  NR   

 

NH3 winter effluent from the complete mix cell 1 A 

 

N=27.0-16.7=10.3 mg/L 

 

C. Lemna Polishing Reactor - Nitrification 
 

LPR media requirements for ammonia removal are calculated according to the following equation: 

 

T

3

G

8.34 x Q x ΔNH
A   

 
Where: 

A = Media Surface Area, ft
2
 

∆NH3 = Ammonia Removed, mg/L 

Q = Flow, MGD 

GT = NH3 removal rate, lb NH3/ft
2
-media/day 

 
LPR ammonia removal rate, G20 at 20 degrees Celsius, is 0.0003 lbs/ft

2
-media/day. The removal rate is 

adjusted for wastewater temperature using the following equation: 

 

  20T

20T 1.072GG


  
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Where: 

G20 = reaction rate at 20
o
C 

T = design wastewater temperature, 
o
C 

 

For influent wastewater temperature of 3.2
o
C 

 
             GT=0.0003(1.072)

3.2-20
=0.00009 lbs/ft

2
/day 

 
For the influent ammonia concentration to the LPR of 27 mg-N/L assuming none ammonia removal in the 

lagoon; 

 

             A = 
2ft 195890

0.00009

8.34 x 0.312 x 20)-(27
  

 
For media cubes of 6’ x 6’ x 10’ at 68 ft

2
/ft

3
 density   

 
NH3 cubes required =8 cubes 

 
Total modules provided =10 cubes 

 

IV. OXYGEN REQUIREMENT 

D. Complete Mix and LPR 

 
The first step in the calculation of aeration requirements is the determination of the mass load (CBOD5 

and NH3) removed under worst-case conditions.  The mass load, L, is calculated by multiplying the flow 

and concentration and correcting for units.   

 

8.34 x NH x QL

8.34x CBOD x QL

3NH

5CBOD5

3



 

Where: 

LCBOD5 = CBOD5 Removed, lb-CBOD5 /d 

LNH3 = NH3 Removed, lb-NH3 /d 

CBOD5 = CBOD5 Removed, mg-CBOD5 /L 

NH3 = NH3 Removed, mg-NH3 /L 

Q = Flow, MGD 

 

Cell #1A: 8.34 x 0.312 x (401 - 14)  1006 lb-CBOD5 /d 

  8.34 x 0.312 x 27  70 lb-NH3 / d 
 

LPR:                  8.34 x 0.312 x (27-20) =18 lb-NH3 / d 
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The next step is a calculation of the amount of “actual” oxygen required to support the removal of the 

calculated load.  Factors of 1.0 lb O2/lb CBOD5 and 4.6 lb O2/lb NH3 are used to account for the bacterial 

oxygen demands in the CM cell (Note: oxygen demands for bacterial digestion are calculated separately).     

 

  

3NHNH3

CBOD5CBOD5

L X 4.6AOR

L x 1.0AOR




 

Where: 

  AORCBOD5 = Actual Oxygen Requirements for CBOD5 load, lb-O2 /d 

  AORNH3 = Actual Oxygen Requirements for NH3 load, lb-O2 /d 

  1.0 = lb-O2 required / lb CBOD5 removed 

  4.6 = lb-O2 required / lb NH3 removed 

 

Cell #1A: 1,006 lb CBOD5/d x 1.0 lb-O2/lb CBOD5 + 70 lb NH3/d x 4.6 lb-O2/lb NH3 =  
                          1328 lb-O2/d 
 
LPR:              18 lb NH3/d x 4.6 lb-O2/lb NH3 = 83.8 lb-O2/d 

 

 
The actual oxygen requirements are adjusted to standard conditions using a correction factor.  The 

correction factor accounts for various factors that will affect oxygen transfer from site to site.   

 

 
CF

AOR
 SOR   

Where: 

 SOR = Standardized Oxygen Requirement, lb-O2 /d 

 AOR = Actual Oxygen Requirement, lb-O2 / d 

 CF = Correction Factor 

 

The correction factor has the following equation: 

 

  20T

MT

s20

s
ΘF

C

ROδCβ
αCF












 
  

 

Summer: 

 
0.591.0240.9

9.09

2.017.0/14.4980.95
0.75CF 2020 







 
 .
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Winter: 

 
0.541.0240.9

9.09

2.017.0/14.411.50.95
0.75CF 203 







 
 2.  

 

 

Where: 

 = Surface Tension Correction Factor = 0.75 

 = Solubility Correction Factor = 0.95 

CS20 = O2 Saturation at Standard Conditions = 9.09 mg /L   

CS = Oxygen Saturation at Water Surface, mg / L 

RO = Residual Oxygen = 2.0 mg / L 

MT = Temperature – Mass Transfer Correction Factor = 1.024  

T = Design Water Temperature, 
o
C 

F= Diffuser Factor = 0.9 

 = Peff / P = Pressure Correction Factor 

Peff = Effective Pressure of Aeration, psia 

          Peff = 14.4 psi + (0.433 x 12/2) = 17.0psi 

 

Where: 

P = Site Barometric Pressure, psia  

WD = Water Depth, ft 

0.433 = Conversion Factor, feet to psia 

 

Cell #1A: SOR = 1328/0.59  2251 lb/d 
 

LPR:              SOR = 83.8/0.54  155 lb/d 

 

 

The SOR is used in combination with manufacturer supplied aeration efficiencies to compute the required 

air flow to meet the bacterial oxygen demand.  The following equation is used for calculating air flow 

requirement: 

 

SOTE

SOR
fQair   

 











2

WD
0.433PPeff
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Where: 

Qair = Air Requirement, SCFM 

SOTE = Manufacturer’s Transfer Efficiency, % 

f = Conversion Factor from lbs-O2 /day to SCFM 

 

Cell #1A:  SCFM 523 
% 17.3

 /dO-2251lb
 4.025Q 2

air   

  
 

LPR:              SCFM 38
% 16.1

 /dO-lb 155
 4.025Q 2

air   

 

E. Digestion 
 
Ten State Standards requires 1.5 pounds of oxygen per pound of CBOD5 removed for aerated lagoons.  

The 0.5 portion of that factor is required for digestion (benthal stabilization).  The sludge, in settling cell, is 

deposited on the lagoon floor.  Over time, the sludge accumulates, compacts, and slowly digests.  The 

amount of oxygen required to support benthal stabilization is calculated by the following equation: 

 

CBOD5D L x 0.5AOR   

 
 

Where: 

      LCBOD5 = CBOD5 removed, lb-CBOD5 /d 

      AORD = Actual  Oxygen Requirement for Bacterial Digestion, lbs O2/d 

 

            AOR= 1,006 lb BOD/d x 0.5 lb-O2/lb BOD5=503 lb O2/d 
 

                       SOR = 503/0.59  852 lb/d 
 

 

        Cell #1B:    SCFM 198
17.3%

 /dO-lb 852
 4.025Q 2

air   

 

90% of air flow required for digestion will be supplied in settling cell.  
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V. Mixing Requirements 

F. Blower mixing 

 
For the purpose of sizing aeration to achieve complete mix conditions, a dissipated energy of 13.5 

HP/MG is used.  This value is multiplied by the complete mix cell volume to determine the power 

dissipated, P. 

 

    PCM  = 13.5 HP/MG x Q x DT 

 

Where: 

PCM = Dissipated Power, HP 

Q = Flow, MGD 

DT = Detention Time, d 

 

 PCM  = 13.5 HP/MG x 0.312 MGD x 3.0 d=12.6 HP=6930 ft-lb/s 

              

Given a desired amount of energy dissipation into a volume of water, the following equation is used to 

determine an equivalent air flow (Metcalf & Eddy, 1991).   

 








 




33.9

33.9h
lnK

P
Q CM

a  

Where: 

Qa = Air Flow Rate, CFM 

 PCM = Power Dissipated, ft-lb/s 

 K = Constant (35.28, U.S. customary units) 

 h = Air Pressure at Discharge, ft (water)  

     Cell #1A:    CFM 650

33.9

33.912
ln35.28

6930
Qa 








 


  
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VI. Equipment Selection 
 
Equipment selection is based on aeration and/or mixing, whichever requires the highest horsepower. 
 
Cell #1A: 38 diffusers x 18 SCFM = 684 SCFM 

 

Cell #1B: 20 diffusers x 9 SCFM = 180 SCFM 
 
LPR:                  90 SCFM 
 
Total air requirement equals:  
 
            Qair = 684 SCFM + 180 SCFM + 90 SCFM =954 SCFM 

 
 

The blower power motor requirement is calculated using the following equation: 

 
 
 
Where: 

BHP =               Blower power motor requirement (HP, horsepower) 
f2 =  Conversion factor for air volume to air mass 
Eblow =  Blower efficiency (%) 
Pblow =  Pressure at Blower outlet 
h =  Air humidity correction factor 
Qair =                 954 SCFM 

 
 
 

Pblow = 62.4/144 x (WD +3.0) = 62.4/144 x (12+3.0) = 6.50 psig 
Eblow = 78.7 – (2.11 x Pblow) = 78.7 – (2.11 x 6.50) = 65.0 % 

 
 
BHP = (((954 x 0.068)/60) x 53.3 x 595) / (550 x 0.283 x 0.650)) x (((6.5+ 14.4)/14.4)

0.283
 – 1) x 1.12 

         = 46.6 BHP 
 

 
Suggested Blower Size:3 @ 30 HP (2 operating, 1 stand by) 
 

 

VII. Solids Accumulation 
 
Bacteria and other solids accumulate in areas of the lagoon in which there is insufficient energy to keep 

the solids in suspension.  Accumulated solids will undergo a process of cumulative digestion and 

compaction over time.  The resulting biomass/sludge is largely comprised of inert solids.  For the purpose 

h  1
P

PP

E

fQ
BHP

0.283

blow

blow

2air 





















 




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of design, an influent inert solids concentration is utilized to calculate desludging volumes.  The following 

equation provides an estimate of daily solids accumulation (adapted from Rich, 1999): 

ρ x W

8.34 x X x Q
R

s

i  

 
Where:  

   R = Daily Accumulation Rate, cf/d 
   Q = Flow, MGD 
   Xi = Inert Solids Concentration, mg/L = 169 mg/L 
  Ws = Weight Fraction of Solids = 5% 
   ρ = Density of Water = 62.4 lbs/cf 

     

 
The volume of deposited sludge in a year: 
 

       MG/year 0.38
10000000.05 x 62.4

3657.488.34 x 169 x 0.312
Ry 




  

 
Assuming that desludging will be performed at half of the settling cell volume filled 
 
 

         years3.3
MG/year 0.38

2

1
MG 2.56

V

2

1
V

Interval  Desludging
sludge

ellsettling_c









   
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Lemna Environmental Technologies, Inc. Engineering Brandenburg, KY

Rev. 01 8/1/2017
Wastewater Data Summer Winter Summer Winter Site Data

Flow 0.312 0.312 MGD Winter Air Temperature 32
o
F

BOD 401 401 mg/L 30 30 mg/L Winter Air Temperature 0.0
o
C

TSS 371 371 mg/L 30 30 mg/L Elevation 570 ft AMSL

Ammonia 27 27 mg/L 20 20 mg/L Atmospheric Pressure 14.4 psia

Total Nitrogen - - - - mg/L Distance to Site 750 miles

Phosphorus - - mg/L - - mg/L

Lagoon Design

Basin # 1

Included? Yes

Influent Temperature 10.0
o
C

Flow 0.312 MGD

Covered? No

Water Depth 12.0 ft

Freeboard 2.0 ft

Slope 3.0 to 1

Length (waterline) 325 ft

Width (waterline) 170 ft

Length (bottom) 253 ft

Width (bottom) 98 ft

Length (at top of berm) 337 ft

Width (at top of berm) 182 ft

Cover Area 55,250 sf

Floor Area 24,794 sf

Volume 468,223 cf

Volume 3.5 MG

Detention Time 11.2 days

Selected R (Nominal) 8.0 ºF·hr·sqft/BTU

Covered Basin Temp. 9.3 ºC

Uncovered Basin Temp. 3.2
o
C

Cell Sizing

Cell Mixing Det Time (d) Depth (ft) Winter Temp. Rate (d
-1

) CBOD5 In CBOD5 Out NH3 In NH3 Out Nitrification?

1A CM 3.0 12.0 8.2 4.2 401 16 27.0 10.3 no

1B SC 8.2 12.0 3.2 16 16 10.3 10.3 no

    

Cell Mixing Det Time (d) Depth (ft) Summer Temp. Rate (d
-1

) CBOD5 In CBOD5 Out NH3 In NH3 Out Nitrification?

1A CM 3.0 12.0 20.0 6.0 401 14 27.0 1.7 yes

1B SC 8.2 12.0 20.0 14 14 1.7 1.7 no

    

Aeration and Mixing Requirements

Cell Mixing CBOD5 (lb/d) NH3 (lb/d)

CBOD5 

(SCFM)

NH3         

(SCFM)

Mixing 

(SCFM)

Benthal Air 

(SCFM)

Asp. Air   

(HP)

Sup. Mixer 

(HP)

Nitrification 

Air? 

Benthal Air 

(%)

1A CM 1,006 70 396 127 650 20 55 -1 Yes 10%

1B SC 0 0 0 0 0 178 19 No 90%

Equipment Selection

Cell Diffuser Type

Air per 

Diffuser 

(SCFM)

No. of 

Diffusers

No. of  

Laterals

Lateral 

Length (ft) No. of Units Aspirator - Hp No. of Units Mixer - Hp

Air Flow 

(SCFM)

1A HR 18 38 5 134 684

1B LR 9 20 4 134 180

0

0

Total 58 9 0 0 864

Stabilization 

Estimated Stabilization Area 40,484 sf Sludge Density 5%

Biodegradable Solids 345 lbs/d Rate of Sludge Accumulation 0.38 MG/year

Nondegradable Solids 439 lbs/d Desludging Volume 1.28 MG 

Stabilzation Loading Rate 42 g-solids/m
2
/d Desludging Interval 3.3 years

LPR Design Winter LPR Aeration Winter

Cube Length 6 ft Minimum Cubes 8 Cubes

Cube Width 6 ft Supplemental Cubes 2 Cubes

Cube Depth 10 ft Total Cubes 10 Cubes

Temperature 3.2 deg. C Water Depth 12 ft

Influent CBOD5 16.4 mg/L BOD Oxygen Requirement 0 lbs/day

Effluent CBOD5 16.4 mg/L NH3 Oxygen Requirement 83.8 lbs/day

BOD Load 0 lbs/d Total Oxygen Requirement 83.8 lbs/day

BOD Cube Density 48 sf/cf Diffuser SOTE 1.4%

Loading Rate 0.00138 lb-CBOD5/sf/d Transfer Efficiency 16.1%

BOD Cubes Required 0.0 Cubes LPR Aeration 38 SCFM

BOD Cube Loading Rate 0.0 lb-CBOD5/kcf/d LPR Mixing 90 SCFM

Influent Ammonia 27.0 mg/L

Effluent Ammonia 20.0 mg/L Channels 2 Channels

Ammonia Load 18 lbs/day Spaces per Channel 5 Cubes

NH3 Cube Density 68 sf/cf Unused Spaces 0 Spaces

Loading Rate 0.00009 lb-NH3/sf/d Detention Time 3.9 Hours

NH3 Cubes Required 8.0 Cubes 

Blower Sizing

Maximum Water Depth 12 Feet Blower Efficiency 65.0 %

Aeration Req. 954 SCFM Blower Motor Power Req. 46.6 BHP

Mass Air Flow 1.2 lb/s Number of Blowers 3 Units

Outlet Blower Pressure 6.50 psig Suggested Blower Size 30 HP



City of Brandenburg

Wastewater Facilities Plan        

Aeration Requirements (Historic 2014-2016 Data)

9/22/2017

Average Flow 0.232 MGD (2014-2016)

Peak Flow 0.385 MGD (2014-2016)

Wastewater Temp 22 ⁰C (summer) (assumed Aqua-Aerobic)

12 ⁰C (winter) (assumed Aqua-Aerobic)

Influent BOD 401 mg/l (2014-2016)

Influent NH3N 27 mg/l (Design)

Influent TKN 45 mg/l (Metcalf & Eddy conversion)

Basin Dimensions

WS Length 225 ft

WS Width 225 ft

Bottom Length 120 ft

Bottom Width 120 ft

Water Depth 17.5 ft

Side Slope 3:01

Volume 4 MG

Material Lined

Elevation 465 ft (assumed Aqua-Aerobic)

HRT 17.2 days

Oxygen Demand 1.5 lb O2 / lb BOD

4.6 lb O2 / lb TKN

AOR (BOD) 48.5 lb O2 / hr

AOR (TKN) 16.7 lb O2 / hr

AOR 65.2 lb O2 / hr

FTE

where:

SOTE 3 lb O2 / BHP-hr

T 22 ⁰C 

Cs 8.59 mg/l (at 22⁰C   and 465 ft)

β 0.95 (typical, assumed)

α 0.85 (typical, assumed)

Cr 2 mg/l

FTE 1.81

Power (aeration) 39.1 HP based on 24 hours of aeration

OK

Power Requirements (for BOD and TKN)

SOTE X [(Cs x β) - Cr] x 1.024
(t-20)

 x α

9.09

Design Data

Calculations

Wastewater Characteristics

Field Oxygen Transfer Efficiency

Actual Oxygen Requirement

Hydraulic Retention Time



City of Brandenburg

Wastewater Facilities Plan        

Clarifier Sizing Design Calculations

9/21/2017

Flow Conditions: QAvg 0.312 MGD

QPeak 0.9 MGD

QPeak RAS 0.468 MGD 150% QAvg Per 10 States

Existing Clarifiers

No. 2 diameter 36 ft Aeach 1,018 ft
2

Surface Areas Existing Clarifiers 2,036 ft
2

Total Area Required Based on Surface Overflow Rate Calculation

SArequired =QPeak/Surface Overflow Rate at Design Peak Hourly Flow

Surface Overflow Rate at Design Peak Hourly Flow 1,000 gpd/ft
2

Per 10 States

SArequired 932 ft
2

SAreq < SAex OK

Total Area Based on Solids Loading Rate Calculation

Qin = QPeak + QPeak RAS

Qin = 1.400 MGD

MLSS 300 mg/L Per Falmouth Design Manual (200-300 mg/l)

MLVSS 240 mg/L 80% of MLSS

SLRMax 35.0 lb/day/ft
2

Per 10 States

SLR = (QPeak + QPeak RAS) * MLSS / SA

SLR = 1.7

SLR < SLRMax? OK
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